1. The probes should target a specific feature of the mRNA. Ideally, for mRNA isoforms, they should flank the junction between a sequence that is unique to one isoform and a sequence that is conserved in both isoforms. The donor should be on the conserved sequence so that both isoforms can be detected using a single excitation. For example, an intron retention isoform could be detected by placing Cy3 on the exon and Cy5 on the intron. However, FRET can also be used to simply exclude false positives and not need a specific feature. In this case, FRET only occurs if the donor and acceptor probes are on the target so that any spot appearing in the donor channel is a non-specific spot. (Note A1) 2. The probes should not interfere with the binding of each other. To avoid steric effects, these probes are placed two nucleotides apart from the 3' end of the first to 5' end of the second probe. nucleotide gap between the ends, e.g., 6 nucleotide total separation.
B. Microscope design
Our microscope is a custom-built microscope configured in highly inclined illumination geometry (HILO). This custom microscope is not necessary for imaging single fluorophore considering any widefield TIR/HILO microscope should be able to be configured for this type of imaging (~1-2 photon limit) with a properly sensitive camera, such as an EMCCD camera. For single fluorophores in a FRET pair, epi-fluorescence will not generate an adequate signal, Figure 1 . It is necessary to have a variable angle geometry on the illumination. This is essentially the same geometry as a single probe FISH experiment (Wadsworth et al., 2017) with the added requirement of dual channel simultaneous imaging of the signal from the FRET pair (e.g., Cy3 and Cy5). This can be done by using a dual band dichroic (Semrock), which reflects the 532 nm excitation beam, but transmits the emissions of both Cy3 and Cy5. In the emission pathway, the camera is no longer mounted to the microscope. The emission is relayed from the image plane to a conjugate image plane where the EMCCD is positioned. In between these planes are a pair of dichroic mirrors that split the emissions of Cy3 and Cy5 (Semrock) along with filters matched to those fluorophores (Semrock), see Figure   2 . These paths can be mapped onto one another using an affine transformation and alignment tools 
Day 2-cell fixation and permeabilization
1. Measure cell OD600 using a spectrophotometer at 600 nm by placing 1 ml of cell culture in a cuvette.
2. Once cell OD600 has reached 0.6, decant cell solution into a 50 ml Falcon tube and pellet by centrifuging at 671 x g for 5 min and aspirate.
3. Resuspend the pellet in 10 ml of ice cold (4 °C) methanol for 10 min for fixation. a. Aquire images at full region of interest (512x512) on an EMCCD (iXon EM +, Andor) at 100 msec exposure times. The pixel size and z-step were chosen to be less than or equal to the Nyquist sampling limit for the shortest wavelength (see Introduction to Fourier Optics 3 rd edition, Goodman) .
Pellet cells and resuspend in ice cold
b. Set the laser to output 25 mW at the sample plane. For each chamber, the thickness is approximately 2 µm and acquire an appropriate number of z-slices. An example of the contrast between a negative control and a low copy number strain is shown in Figure 3 . (Note F2) An example of bleedthrough can be seen in Figure 4 .
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These are designed to calibrate the affine transformation that maps the top panel to the bottom panel. They can also be used to calibrate sensitized emission to determine FRET efficiency since these fluorophores are separated by a known number of nucleotides and double stranded DNA is essentially rigid below its persistence length. Variations in spot intensity here are due to nonuniform illumination.
Data analysis
The Matlab Image Processing Toolbox was used to analyze the three-dimensional images. In cases where the researcher is unfamiliar with coding we recommend FISH-quant for its rigor and user friendly
GUI. For systems with very non-uniform illumination Corrected Intensity Distributions using Regularized
Energy minimization (CIDRE) (Smith et al., 2015) can be used to flatten the images. Many functions in the Image Processing Toolbox can be accelerated by simply converting them to a gpuArray () in Matlab with a compatible graphics card (e.g., Nvidia Geforce 1080). An outline of the algorithm used to locate cells and spots is as follows:
A. Segmentation 1. Perform edge detection on the sharpest DIC image using the Sobel filter in Matlab.
2. Connect detected edges using 1x4 and 4x1 structural elements.
3. Perform binary morphological erosion and dilation of the image.
www.bio-protocol.org/e2867 2. Apply a Laplacian of Gaussian (LoG) filter to the result to enhance the spots.
3. Inside each region detected by segmentation, find pixels that are local maxima in the LoG result and call those spot candidates.
4. Fit each spot candidate with a Gaussian profile and subtract the mean intensity of the annular region around the spot from each pixel included in the spot to get the spot intensity.
5. Determine some threshold brightness based on the intensity of single spots detected on the surface of the slide.
6. Count the spots detected in each cell by using logical indexing of the segmented cells on a 3D
array where the detected centers are marked as 1 and all other locations are 0.
C. Colocalization
This step is unnecessary unless interested in the efficiency of hybridization or some other feature requiring colocalization of spots in any of the channels.
1. Spots are detected in each image.
2. An affine transformation is calculated to overlay the image by using data taken with an alignment that should colocalize every time the acceptor is detected.
2. We have used single probes of lengths between 18-30 nt with both internal labeling and end labeling. When compared to a standard smFISH probe set (Biosearch Technologies), we found that the probes hybridized between 50-70% of the true transcript count (Wadsworth et al., 2017) .
This seems to have more dependence on melting temperature than length. Further, we found that the modified Cy5 analog Quasar 670 was much dimmer (it has a smaller molar extinction coefficient) so that Cy5 outperformed substantially. Finally, when using single probes that can be added independently of one another, we found that the true transcript count was achieved with 4-5 probes (Wadsworth et al., 2017) .
B. Microscope alignment
It is not necessary to have a custom-built microscope. The minimum criteria for a microscope to detect single fluorophores is a ~1.4 NA 100x Objective, an EMCCD, a coherent light source with at least 5 mW of power at the sample plane, and variable angle illumination (TIR/HILO.) Any microscope that can be adjusted from epi-fluorescence to total internal reflection geometry is adequate to accomplish HILO. We do not recommend TIR geometry as the yeast samples are general 2-3 µm thick and this is well outside the range of TIR. TIR will only illuminate probes nonspecifically bound to the surface and not in the cytoplasm.
We do not recommend a confocal microscope because the signal is in the 1-2 photon limit that is beyond the capability of most turnkey confocal setups. Also, we do not recommend sCMOS or CCD cameras because of the 1-2 photon regime. We have tested several in-house and had poor results.
With the Andor EMCCD (EM stands for electron multiplying), we can observe single fluorophores in either a HILO or total internal reflection geometry with nominal gain between 50-500 depending on the fluorophore. With our illumination setup, we find no reason to expose for longer than 100 msec although exposures of 1 sec to 2 sec are common in literature.
The dual-view setup described here is not necessary, however, it has several advantages over sequential acquisition of acceptor channel and donor channel. These include reducing the time of exposure and thereby reducing the chance of acceptor photobleaching during acquisition. Also, it reduces bleedthrough by introducing dichroism which separate the emission pathways of the two channels. The imaging buffer will not perform well if not used immediately. When imaging, if probes rapidly photobleach as the slide is explored by moving from one field of view to the next with live viewing, which means your imaging buffer is not working due to expiring or due to tiny bubbles in the chamber (they can be seen by eye).
We avoid using nail polish although it is common, because it contains solvents that will stick into the sample and cause photobleaching or auto-fluorescence. We find epoxy does not have that effect. 
